and simultaneously inhibit yeast growth. We initially ap-
Screen for Suppressors of Growth Inhibition
To screen for suppressors of growth inhibition by pyplied this method to the identification of targets of a small molecule derived from cellular screens of kinaserimidine 1, a minimal inhibitor concentration was used that prevented the formation of control colonies (hardirected combinatorial libraries [19] . Protein kinases represent an important class of drug targets because boring YEp13 vector without an insert) in the course of 3-day cultivation. The arrayed transformants were first they are involved in the regulation of various cellular functions (e.g., proliferation activation or apoptosis) grown in 384-well plates and then stamped with a pintool onto −Leu agar in the absence of inhibitor to as- [20] and aberrant kinase activity has been linked to cancer and other diseases [21] .
sess viability of the transformed strains (Figure 2A [23] and CGP60474 (3, CDK1/CDK2 inhibitor) [24] , and was selected for testing the target identification strategy by dosage suppression of drug sensitivity.
Generation of Overexpression Library
The YPH500 strain was transformed with the yeast genomic DNA library constructed in the multicopy YEp13 plasmid (average insert size, 5 kb) [25] . In total, 7296 randomly picked transformants were arrayed in 384-well plates (19 plates). To determine the frequency with which a typical gene is present in the array, the transformants were plated on minimal media lacking either histidine or tryptophan. Because YPH500 strain harbors inactivated trp1 and his3 genes, it cannot grow on either medium. However, the genomic DNA of the yeast strain from which the library was constructed has the functional TRP1 and HIS3 genes. Thus, the presence of a plasmid in the library that contains one of these two genes in YPH500 strain will restore growth to a trans- array multiple times. In the simplest case, if growth inhibition results from translation). Because these genes rescue growth inhibition by structurally distinct compounds, the mechanism the biochemical inactivation of a protein by compound treatment, the target-encoding gene must be essential of suppression by these genes is likely not related to the specific mechanism of action of compound 1.
for yeast growth. Because PKC1 was the only compound-specific gene recovered in the screen that is Suppressors that selectively rescued growth inhibition by compound 1 were categorized into three also essential for viability (Table 1) , and because the other identified genes function in two other pathways classes ( Table 1 ). The first group comprises members of the PKC1-MPK1 MAP kinase signaling pathway, known to genetically interact with the Pkc1 signaling cascade, Pkc1 was considered as the primary target which plays an essential role in several processes including bud formation, polarized cell growth, and mainfor compound 1. To test this hypothesis, we first reconfirmed that transformation of wild-type yeast strain tenance of cell wall integrity during environmental stress [26] . In addition to PKC1, two other kinasewith multicopy plasmid (YEp13) harboring PKC1 as the only nonvector ORF increases resistance of the transencoding genes were recovered in the screen: BCK1 (MAPKKK) and MKK2 (MAPKK); both act downstream formed wild-type strain to compound 1 ( Figure 3A ). It was also reported that growth defect of a pkc1D yeast in this pathway. The second class of suppressors contains a single gene, CLG1. Clg1 is one of ten cyclins strain can be rescued by increasing the medium osmolarity through the addition of high concentrations (1.0 M) (generally classified into two subfamilies) associated with Pho85 CDK and belongs to the Pcl1/Pcl2 subfamof sorbitol [36] . Consistent with this hypothesis, the inhibitory effect of compound 1 was completely elimiily, which is believed to play a role in polarized cell growth [27] . Interestingly, a pcl1D pcl2D double delenated under such growth conditions ( Figure 3A ). To further extend these observations, we examined the tion is synthetically lethal when combined with bck1D or mpk1D (MAPK, PKC1-MPK1 signaling cascade) musensitivity to 1 of several viable strains containing gene deletions in the cell wall integrity signaling pathway tations [28] . This indicates that both pathways (Pkc1 and Pho85) fulfill partially redundant functions. Pho85 downstream of Pkc1 (pkc1D/PKC1, bck1D, mkk1D, Other specific protein bands from the affinity pullconverted to the vinylogous amide 8 in four steps. down may represent additional intracellular targets of Compound 8 was then reacted with adduct 10 of 3-chlocompound 1, as the kinase-directed scaffolds are roaniline (9) and cyanamide to afford pyrimidine 11, at known to commonly bind multiple kinases [43] . Indeed, which point the secondary aniline could be methylated Western blot analysis with an anti-Cdc28 antibody sugto 12. The linker was introduced by nucleophilic arogested that compound 1 also interacts specifically with matic substitution on the pyridine moiety with ethyleneCdc28 ( Figure 5D ). This is not surprising given the diamine to give 13 and subsequently modified and exstructural similarity of 1 to CGP60474 (3), which is an tended by PEGylation (Table 2 ). Even the presence of an N-methyl group in the PAP skeleton though CDC28 was not identified as a suppressor in (Figure 5A) , which leads to a substantial loss of activity the screen, this might be due to the fact that Cdc28 (IC 50 > 100 M for N-methylated 1). This is consistent functions in the complex with cyclins and to increase with the above docking study of CGP60474 (3), which its in vivo activity would require simultaneous overexpredicts that the NH proton of the PAP-based kinase pression of both Cdc28 and a cyclin. To examine a posinhibitor forms a hydrogen bond with the ATP binding sible role of Cdc28 in growth inhibition by compound domain of the kinase. The affinity resins were incubated 1, we inspected the morphology of compound-treated with cell extracts and then washed extensively. Proyeast cells by light microscopy. Also, we quantified teins retained by the affinity resins were eluted by boilfractions of yeast cells in different cell cycle stages afing in SDS, separated by SDS-PAGE, and visualized by ter compound treatment by cytometric analysis. Neisilver staining. Several bands on the protein gel apther experiment revealed a cell cycle-specific arrest, leaving the physiological relevance of interaction bepeared to be specific for the nonmethylated resin 4 that are ineffective to wild-type yeast. Thus, the over- Assays were carried out by Novartis Pharma Inc., as described [24] . Experimental Procedures a n.d. = not determined.
Yeast Strains, Overexpression Library, and Media
The haploid S. cerevisiae strain YPH500 (MATa, ura3-52, lys2-801,  ade2-101, trp1-D63, his3-D200, leu2-D1 
